fhe literature sources of heat-capacity data on ruthenium, rhodium, palladium, osmium, iridium, and platinum have been compiled and the data critically analyzed. Except for osmium where data arc lacking, best .... o.luee of thermodynamic properties have been evaluated between 0 and 300 K fro~ the analyses. The literature values of heat capacity, the electronic coefficient of heat capacity 6,), and the zero K limiting Debye characteristic temperature <6JO»)"are compared. The sources of data are tabulated chronologically along with the temperature range of measurements, purity of sample, and the pertinent experilnental procedures used. A bibliography of the references is listed.
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Introduction
This publication on the noble-metal transItIOn elements is the second in a series of reviews sponsored by the Office of Standard Reference Data, presenting critical analysis of heat-capacity data in the literature. The objective of this phase of work is to select "best" estimates for the values of the heat capacity , over the temperature range 0 to 300 K, and, to present tables of thermodynamic functions derived from these values. The information has broad application in science and technology, particularly in the study of chemical eq';ilibria for which accurate derived thermodynamic properties are needed and in the study of the solid state (lattice dynamics, electronic distributions, energy states of magnetic materials, order-disorder processes, and critical phenomena) for which reliable heat-capacity data provide a powerful tool in the development and testing of the theories of fundamental properties of matter. Another important purpose of the critical review is to indicate substances and temperature ranges where the experimental data are inade-quat~ or non-existent and thereby stimulate the research to fill the gaps.
A comprehensive exposition of the scope of this series of publications was given in the first monograph [29] 1; consequently only a brief restatement is given here.
1. The intent of this work is to locate. e'!Camine. and report all sources of original experimental measurements of heat capacity or relative enthalpy in the temperature range 0 to 300 K which are available in the open literature. In addition, all known measurem~nts above 300 K are reviewed and are included in the analysis, if they are' useful in establishing the heat capacity in the region of 300 K.
2. With the exception of the relative enthalpy data above 300 K, the sources of data used in the analysis ' figures in brackets indicate the literature references in section 5. J. Phys. Chem. Ref. Data, Vol. 3, No.1, 1974 are discussed in the chronological order of the journal publication date. Whenever the authors reported revisions or new measurements, the new data have been considered chronologically with the original work. A chronological list of the data sources including brief descriptions of the experimental procedure is tabulated for each substance.
3. The best values of heat capacity are estimated from the literature values. An intercomparison between the literature data and the selected values is presented as a deviation plot. The estimated limit of accuracy of the selected values is shown in the same plot. The curve for the first temperature derivative of the selected heat capacities, (dC~/dT), and the curve of the Debye characteristic temperature, fJD(T), are plotted against temperature (see section 3 .1 for the description of the method employed to obtain fJD(T». The curves for dCp/dT 'and fJD(T) show the smoothness and the "shape" of the selected ~alues of heat capacity. The value of 8D(T) is the base for the final selected value of heat capacity (see section 3). 4 . The search of the literature is as current and complete ns prncticn1. 2 Limited data or results incidental to measurements on other substances may'be overlooked because' of a lack of reference to the data or an inappropriate title not descriptive of the work. The authors gratefully acknowledge the cooperation and 5. The pertinent bibliography of the literature sources that have been examined is arranged alphabetically by author with the title of the publication and journal reference at the end for each publication. References found later in the study are appended alphabetically to the first set. 6 . For each element the information is arranged in the following order: a) discussion of data sources with statements of the degree of deviation from the selected values, b) table of sources of heat-capacity data analyzed, c) plot of'Y and 8D(0) (only palladium and platinum), d) plots of literature data relative to the sele~terl values, e) plots of dCp/dT' and fJD(T) as a function of T, f) plot of the limit of accuracy of the selected value, g) table of thermodynamic functions in joules, h) bibliography for al1 elements (at the end), i) table of thermodynamic functions in calories (in the appendix).
Units, Symbols, and Definitions
The International System of Units (SI) [61] is used throughout this monograph. The following units, symbols, and definitions are used. The temperature scales used in the literature for the I:;uL~Li:UH;e~ tUHllyzeu ill Llli:s puLlit::i:1Liuu cut:: UIl- certain to the extent that no basis could be established to convert the data to the International Practical Temperature Scale of 1968 [88] . For all practical purposes the temperature scale of the final selected values can be taken to be the prevailing temperature scale [88). The limit of uncertainty of the values of heat capacity is considered to be greater than that of the temperature scale. The prevailing energy unit of this publication will be the SI unit of energy, the joule. The tables of thermodynamic properties· have been calculated on the basis of joules. ·For the convenience of a number of scientists who are more familiar with. calories, tables of thermodynamic properties in calories have been placed in the appendix.
The molal quantities have been converted to the basis of the 1961 atomic weights based on carbon I~ [11] whenever the experimental data warranted the conversion.
In tables 1, 3, 5, 7, and 9, certain abbreviations are used to describe the experimental methods. The abbreviations are defined· as follows: 
Thermometer
Resistance thermometers are indicated by solid metals, alloys, and semi-conductors: Pt, Pb, phosphorbronze, constantan, C, Ge, Eureka. Hg = mercury in glass thermometer. MS = magnetic susceptibility thermometer. TC (Pt-Rh) = platinum versus platinum-rhodium alloy thermocouple. 
Cooling of Sample

Selected Values
The selected values of this monograph are assigned estimated limits of uncertainty which are .shown plotted for each of the elements. The uncertainty was estimated by examining (1) the scatter in the data, (2) the estimated uncertainties in the results obtained by the same laboratories on other substances, (3) the calorimetric method, and (4) the purity of the sample. The error in the selected values is· estimated to have a fift~ percent chance of being no larger than the uncertainty figure. 
Method of Analysis of the Heat-Capacity Data
The literature data that were examined in this analysis have been obtained·· by two experimental methods: heat-capacity measurements and relativeenthalpy measurements. In the case of heat-capacity measurements, except at very low temperatures, the authors generally published the observed and/or smoothed numerical values of heat-capacity. In the measurements at temperatures below about 4 K, the original numerical data were usually omitted from the paper .. Published instead were plots and derived parameters of theoretical importance, in particular, the zero K Debye· limiting characteristic temperature, (J D (0), and the coefficient of· electronic heat capacity, y. A least squares approximation to the equation
was used by most authors as a means . of estimating these parameters from the experimental data. The tolerances assigned by the authors to ~he parameters y and 8D(0) , unless they were explicitly defined otherwise, were assumed to be related to statistical quantities determined in the fitting process and were, therefore, considered to be a measure of the precision rather than the accuracy of the measurements. In order to use such results in the present analysis, representative numerical heat capacity "data points" were calculated from the published parameters and the appropriate equation for the temperature range of the experimental measurements. The deviations of these values from the selected values are shown as curves in the deviation plots. Wherever numerical values were published the deviations are shown as "points".
The usual method for obtaining heat data for temperatures above about 300 K is by measurement of relative enthalpy (relative to 273 K or 298 K). The measurements arc u5ually made over large temperature intervals and the smoothed results are presented in the form of an enthalpy equation, empirical in nature, represent-inl2; the entire experimental temperature range for a given phase of the material under investigation. The equation yields satisfactory values of the enthalpy relative to that at the reference temperature of the experiment, but the heat capacities calculated from its temperature derivative are apt to be less reliable, particularly in the region of the reference temperature. When such data are used for analysis, the observed enthalpy difference is usually compared with the temperature integral of the selected heat capacities over the corresponding experimental temperature interval. Because of the lack of overlapping measure-ments employing the two experimental methods, the above refinement was. not made in the analysis of the data on the elements discussed in this monograph. Numerical values of heat capacity were obtained using the published relative enthalpy equation up to as high as 500 K and were employed as a guide to estimate the best values of heat capacity in the re-gion of 300 K.
Initially in the analysis, the observed solid-phase heat capacities for the elements at constant pressure, C p, were taken to be the sum of independent terms describing the lattice heat capacity at constant pressure, C1, the electronic heat capacity, "IT, and the nuclear heat capacity, B/T2, (4) Further, the lattice, heat capacity at constant volume, C~, was assumed to be related to the constant pressure value in the manner originally proposed by, Nernst and Lindemann [64].
(5) (6) where a = temperature coefficient of linear expansion, v = speciflc volume, and k =, coefficient of isothermal compressibility.
This choice for the representation of the constant volume lattice heat-capacity has negligible influence on the values of 8D (T) at low temperatures. However, at the higher temperatures, above about 100 K, the value of C~, and thus (JiJ(T) , was somewhat dependent upon the choice of A.. The initial value of .A was calculated from room temperature values for a, v, and k, taken from the literature, combined with the value of C ~ selected at 298.15 K for this allaly~j::s. Aflta a ::selie::s uf IJrdimiuary test analyses, the values of 8 D (T) were found to take on a simpler shape if A were negative for the noblemetal transition elements. Instead of assigning an unusual negative value for A, the analysis for this monograph was made with A = O.
The Debye temperature, 8 D (T), was calculated for each data point from the constant volume lattice heat capacity, satisfying the relationship (7) where x= 8/T and y= (JD(T)/T. This expression of the constant volume lattice heat capacity derived by Debye [22] , is based upon the assumption that the distribution of vibrational frequencies in the solid is proportional to the square of the frequency up to a limiting maximum frequency. Although no real solid conforms to the Debye model of heat capacity except at extremely low temperatures, the 8D (T) representation is a slowly varying function of temperature and, therefore, was convenient in analyzing the experimental data. The smooth curve of (JD(T) vs T, shown on the plot, was obtained from the "experimental" (JD(T) by numerical smoothing techniques using a digital computer. Except at the low temperatures, the value~ of (JD(T) were expected to follow a simple curve. In certain temperature regions, particularly those lacking in data or where data poiNts were suspected of error, it was necessary to introduce estimates for the (JD(T) 's based upon personal judgment. (Since in the final analysis A was taken to be zero, the values of 8D(T) at the higher temperatures deviate slightly from a gimpl~ ~l1rve. for the elements analyzed in this paper.)
The data analysis involved the following steps. The experimental data at the lowest temperatures were carefully examined to select first the best value for "I. Then, values of C~ were calculated, employing equations (4) and (5), for all experimental data points, including those evaluated, as previously mentioned, at selected temperatures from heat-capacity equations.
(For the elements considered here, A and the temperature coefficient of nuclear heat capacity, B, were both taken to be zero.) Smoothed values of (JD(T) were obtained as a function of temperature by numerically smoothing the values of (JD(T) obtained from C Iv (see eq (7». "Smoothed values" of Cp were then computed, as a function of temperature from the "smoothed (JD(T)" and the selected value of "I; the values of the derivative dC~/dT' were also computed. The smoothed values of (JD(T) and of dC~/dT were required to follow a simple curve; if not, the analysis was repeated either after removing the data points that were considered from the results of the fitting process to be of low accuracy or after selecting a new value of 'Y. This analytical process was repeated until values of (JD(T) and dCp/dT' that met the requirement were obtained. In the analysis, the data of c~rtain investigators may be given more weight because of the greater consistency of their data with the above requirement; while the data of others, although relatively precise, may be given very little weight because of their lack of consistency with the overall requirement. Some judgment was also involved, based largely on the uncertainty of results obtained on other substances by the investigator. The deviation plots indicate the relative weight that was given to different data.
Hulm and Goodman [36] found from magnetic measurements that ruthenium and osmium become superconducting at 0.47 K and 0.71 K, respectively; Jensen, Matthias, and Andreas [50] reported that rhodium and platinum would become superconducting below 0.001 K, if at all, and palladium not at all. The data analyzed are all above these superconducting temperatures. The selected values of heat capacity given in this monograph are for the normal state. Since the entropy difference between the superconductive and normal states vanishes at the critical transition temperature, the thermodynamic properties above the critical transition temperature are independent of the superconductivity.
The selected smoothed values of heat capacities at constant volume were calculated by means of eq (7) from the smoothed values of 8D (T); then the smoothed constant pressure values were calculated by eq (5) followed by eq (4) (without the term B/T2).
Deviation plots reflect the relation between the literature data and the final selection; deviations from the selected values of the published numerical data are plotted as points -and heat capacities calculated from equations are indicated as continuous curves over the experimental temperature range. The thermodynamic· functions were calculated from selected values of heat capacity by numerical integration using five-point La~rangian inte~ration coefficients r601. The thermodynamic relations used were: 
(10)
The thermodynamic functions (H~ -Hg)/T and G~-Hg)/T were obtained from values of eq (8) and (10) by div~.ding by the corresponding temperature T. In the above equations Hg and sg apply to the reference state of the solid at 0 K and 1 atm pressure. The literature measurements are in general reported for ill-defined experimental pressure conditions. The conversion from undefined but relatively low pressures to one atmosphere is considered negligible for solids. The values tabulated in this study are thus to be considered at l-atm pressure.
Analysis of the Heat-Capacity Data on
Ruthenium, Rhodium, Palladium, Iridium, Osmium, and Platinum
The platinum metal elements have no heat-capacity measurements above about 20 K by modern methods with which accuracies of 0.1 or 0.2 percent can be achieved with reasonable care [29] .
The literature heat-capacity data on ruthenium, rhodium, and iridium originated essentially from the same group of laboratories and cover separate regions J. Phys. Chern. Ref. Data, Vol. 3, No.1, 1974 of the temperature range 0 to 300 K with no overlap. (In the case of ruthenium, where two sets of measurements exist for the range 1 to 4 K, the values of heat capacity from two published sets of ' Y and 8 D (0) [106, 31] differ from 8 to 12 percent.) Therefore, data from different laboratories were not available to make intercomparisons. The limits of uncertainty of the final selected values of heat capacity for these elements were estimated from measurements of these laboratories on other substances on which comparison with measurements of other laboratories have been made [29, 76] 
The data on osmium are inadequate to present best values 'between 0 and 300 K. The sources of existing heat-capacity data only are presented_
The data on palladium and platinum, although more numerous, lack high-quality' measurements on highpurity samples by modern techniques above ':W K.
Most of the modern measurements are below 4· K. In the case of palladium, the. only two extensive sets of measurements [19, 57] deviate from each other by about 1 percent between 100 and 300 K; other data below 50 K scatter widely. The scatter resulted probably from differences in the samples. Similarly, in the case of platinum, the only two extensive sets of measurements [17, 83] deviate systematically from each other, as much as 2 percent above 100 K and 7· percent below this temperature. Plots comparing values of ' Y and 8 D (0) are given only for palladium and platinum.
Ruthenium (Ru, Atomic Weight= 101.07)
Assessment of Data Sources From magnetic measurements Hulm and Goodman [36] found ruthenium to become superconducting at 0.47 K. The existing heat-capacity data are all above this temperature. The data analysis and the extrapolation of the values of heat capacity to zero K have -been made on the basis of normal state ruthenium.
The selected values are based principally on the heatcapacity measurements reported by Clusius and Piesbergen [18] , and by Ho and Viswanathan [31] . Since the upper limit of the measurements of Clusius and Piesbergen [18] was 272 K, the high-temperature relative-enthalpy measurements' of Jaeger and· Rosenbohm [44, 45] were analyzed to obtain the selected values in the region of 300 K. Figure 1 shows the deviations of the literature data from the selected values and the estimated limit of uncertainty of the selected values. Values selected for ' Y and 8D (0) are, respectively; 2.95± 0.15 mJIK2 . mol and 530± 30 K.
The data' published by Dewar [23] (mean values between the normal boiling points of nitrogen and hydrogen) and by Holzmann [35] (relative enthalpy between 0 °C and temperatures up to 900°C) were not considered in this analysis.
Wolcott [106] reported measurements between 1.2 and 20 K on a sample greater than 99.98 percent THERMODYNAMIC PROPERTIES OF TRANSITION ELEMENTS 169 pure. A phosphorus-bronze thermometer was used in the liquid helium range and a constantan thermometer at higher temperatures. The thermometers were calibrated in terms of the 1948-4 He scale [80, 94] , hydrogen vapor pressure, and a helium gas thermometer. Wolcott fitted the data below 4 K to an eqnMion of the form The values of heat capacity based on these parameters were found to be inconsistent with the only existing extensive measurements to the higher temper~tures of Clusius and Pies bergen [I8]; the values are 6 to 12 pelceut higlJel lhem the ::;dec..:leu value~. The deviations are not plotted in figure 1. No weight was given to these data.
Clusius andPiesbergen (18) reported measurements between 11 and 272 K on a ruthenium sample for which no purity information is given. An isothermal jacket vacuum calorimeter was used in the measurements [14] . The leJlJJ.'eH:llUreS were determined by IIle(iJl~ 'ut a Pb-resistance thermometer. The temperatures were based on the calibration at the ice-point and vapor pressures of H2 and 09 and on a table of resistance versus temperature for Pb previously obtained [19, '20] .' These data are on the average within ± 0.2 percent of the selected values above 50 K but deviate as much as 6 percent below this temperature.
Ho and Viswanathan [31] reported measurements between 1.5 and 4.0 K on a sample of 99.98 percent purity pTf~parp.o hy Rrr.-mp.lting ;mo r.adine info H cylinder. The 1958- 4 He vapor pressure scale [6] was employed in calibrating a carbon thermometer. Although the carbon thermometer was replaced by a germanium thermometer calibrated on the NBS Provisional Temperature Scale 2-20 (1965) [71] , no measurements on pure ruthenium are shown above, 4 K. By fitting the data to an equation of the form C = yT + AT3, the following data were reported:
The values of heat capacity based on these parameters are in close agreement with the selected values.
Jaeger and Rosenbohm [44, 45, 37] reported relative enthalpy measurements between 0 and 1604 °C on small spherical samples (Heraeus). A copper block receiving calorimeter was employed with thermocouples (copper versus constantan) for the determination of temperature change. The furnace temperature wa~ oetprmineo with platinum verSllS pl.::ltinum-rhooinm thermocouples [39] . The heat capacity at 300 K de-rived from the enthalpy data is about 1.7 percent lower than the selected value. [7] '. Since the upper limit of the measurements of Clusius and Losa [15, 16] was 269 K, the relative-enthalpy measurements of Jaeger and Rosenbohm [43, 45] were analyzed to obtain the best values of heat capacity in the region of 300 K. Figure 2 shows the deviations of the literature data from the selected values and the estimated limit of uncertainty of the selected values. The values selected for y and OD(O) are, respectively, 4.65 ± 0.15 mJ/K2. mol and 512 ± , 30K.
The measurements obtained by Dewar [23] (mean values between the normal boiling points of nitrogen and hydrogen) and Holzmann [35] (relative enthalpy between 0 °C and temperatures up to 900 °C) were not considered in this analysis.
Wolcott [I06] reported measurements between 1.2 clIld 20 K 011 a sample greater than 99.98 ven..:eul pure. Aphosphor-bronze thermometer was employed in the liquid helium range and a constantan thermometer at higher temperatures. The thermometers were calibrated in terms of the 1948· 4 He scale [80, 94] , hydrogen vapor pressure, and a helium gas thermometer. Wolcott fitted the data below 4 K to the equation of the form C=yT+AT3, and obtained y= 3.35 mJ/K2. mol, and Afte~ subtracting the electronic term, 425 K was obtained for OD (20) . The values of heat capacity based on these data are about 5 percent higher than the selected values.
Clusius and Losa (15, 161 reported measurements between 11 a,nd 276 K on a samplp. (Hp.rap.us) of 99.9 percent purity with traces of Fe, Ag, and Cu. An isothermal jacket vacuum calorimeter was used [14] . 
aFigures prefixed with the ± symbol~ have been interpreted flOm the author's description to indicate the estimated uncertainties in the "alues given. 
..., t:: The v.alues of heat capacity based on these data are in close agreement with the selected values.
Jaeger and Rosenbohm [43, 45, 37) reported relativeenthalpy measurements between 0 to 1604 °C on the "purest rhodium from Heraeus". A copper block receiving calorimeter was employed with copper versus constantan thermocouples for the measurement of. 
• CLUSIUS AND LOSA l: Hg and sg apply to the reference state of the solid at zero K ·and 1 atmosphere pressure.
The data that were not considered in the analysis are those reported 'by: Violle [97] (relative enthalpy between 0 °C and temperatures up to 1265 °C), Pion chon [70] (relative enthalpy between 0 °C and temperatures up to 1048 °C), Behn [3] (mean values between 18 °C and 100, -79, and -186 °C),.Richards and Jackson L 77 J (mean values between 20°C and -188 and 100 °C), Dewar [23] (mean values between the boiling points of nitrogen and hydrogen), and Holzmann [35] (relative enthalpy between 0 °C and temperatures up to 901. °C). Nace and Aston [59] reported measurements on palladium black between 15 and 345 K. Their data were not used in this analysis.
Pickard and Simon [67, 69] reported measurements between 2 and 22 K on a palladium sample of unspecified purity. When the sample was "strongly healed" iu vacuum, lhe hydlogeJl thal wa:s uesuILed was "scarcely dete~table".An isothermal jacket vacuum calorimeter was used in the measurements. The sample was cooled by condensing the refrigerant (liquid H2 or He) in the sample vessel and subsequently reo moving it by pumping. Temperatures were determined by means of a HEureka" wire thermometer calibrated in terms of the vapor pressures of helium and hydrogen [68] . Pickard The values of heat capacity calculated from these values of y and 8d(0) are over 20 percent higher than the selected values. The value of y is exceptionally high. The smoothed values of heat capacity given in the pC!,per are also higher than the seleGted values, +29 percent at 2 K to -0.8 percent at 20 K. The data were given very little weight in the analysis. Clusius and Schachinger [19] reported measurements between 14 and 268 K on a sample from Heraeus of the "highest purity". An isothermal jacket vacuum calorimeter and Pb resistance thermometer .were employed [14, 79; 20] . The data are on the average within abuut 0.5 verceIJt uf the selected values above 50 K but deviate as much as 9 percent below this temperature.
Rayne [74] reported measurements on a palladium sample of 99.98 percent purity from 0.2 to 1 K. In the experimental method, the sample was attached to a paramagnetic salt (CUS04' K2S04 • 6H2 0) through a heavy gage copper wire and a copper vane embedd~d in the salt. The salt was used for adiabatic-demagnetization cooling of the sample and for the measurement of temperature. The 1948.4He scale [80, 90] W:l!> employed in ~;:J1ibrating thp. magnp.ti~ ~ll~~p.pti bility temperature scale based on the salt. Helium ex-change gas was used in cooling the paramagnetic salt during the magnetization period. No numerical values of the observed heat capacity are given in the paper. The lattice contribution was considered negligible and the electronic coefficient of the heat capacity y based on the observations between 0.2 and 0.65 K is given. The value of y reported (10.7±0.5 mJ/K2°. mol) is higher than most of the published values.
Rayne [75] in a later publication reported measurements between 1.5 and 4.1 K on 0 a sample of palladium wire of purity greater than 99.999 percent, the impurities of Cu, Ag, Fe, Ca, Mg, and Si each being less than 1 ppm. The 1955E-4He [12, 13] These values for yare considerably lower than that of the earlier measurements [74] . The published observed heat-capacity data are as much as 6 percent higher than the selected values.
In another set of measurements, Veal and Rayne [95] reported measurements between 1.4 and 86 K on a palladium sample stated to be identical to that investigated by Hoare and Yates 132]. (See below.) The calorimeter was operated by the isothermal shield method. A germanium thermometer was employed.
In the liquid helium range the thermometer was calibrated in terms of the 1958-4 He vapor pressure sca]e [6] ; at the higher temperatures the thermometer was calibrated in terms of a calibrated laboratory standard germanium thermometer. Veal and Rayne fitted t Iw data below 4.2 K to an equation of the form C=yT+AT3, "Random and systematic error estimated at 99 percent cl)nfi<l"n"" 1"'-,01 I.y Hay".. ,0;:; I and obtained y= 9.42 ± 0.02 mJ/K2 . mol and 8D(0) = 273.6 ± 1.4 K.
The published observed heat-capacity data deviate as much as 10 percent from the selected values; however, the values of heat capacity between 1.4 and 4.2 K based on the above y and 8D(0) are about 0.2 percent higher than the selected values.
Hoare and Yates [32] 0 reported measurements hetween 2 and 4.2 K on a specimen of impurity content shown by spectrographic analysis to be less than "faint", except for silver which was found to be "fairly strong". Mackliet and Schindler [56] repoorted, as a part of their heat-capacity investigations on Ni-Pd alloys, measurements on "high-purity" palladium between 1.5 and 4.2 K. Helium exchange gas was used in cooling. Temperatures were determined by means of a carbon resistance thermometer calibrated in terms of the 1958-4 He vapor-pressure scale [6] . Mackliet and Schindler fitled the data to an equation of the form [56] [6] and the hydrogen vapor pressure work of Hoge and Arnold [33] . Helium exchange gas was used in cooling. The ,above authors fitted the data below 5 K to an equation of form and obtained y=9.57±0.07 rnJ/K2. mol and OD(O) =267±8 K.
No other numerical data are given. The values of heat capacity based on these values of y and OD (0) are over 2 percent higher than th~ selected values.
Jaeger and Rosenbohm [42, 45, 37] reported relative enthalpy measurements between 0 and 1537 °C on a powder sample from Heraeus melted into small spheres. A copper block receIvmg calorimeter was employed [39] . The values of heat capacity around 300 K derived from the data are about 5 to 6 percent lower than the selected values.
Jaeger and Veenstra [49, 38] repeated the earlier relative enthalpy measurements of Jaeger and Rosenbohm [42, 45, 37] after annealing the palladium sample and improving the temperature measurements. The value of heat capacity derived from these data is about 2 percent higher than the selected value at 300 K.
Vollmer and Kohlhaas [99] reported measurements between 300 and 1825 K on a sample of 99.96 percent purity employing a continuous heating method. The values of heat capacity derived from the data are about 2 to 3 percent lower than the expected values in the neighborhood above 300 K-
Osmium (Os, Atomic Weight= 190.2)
Assessment of Data Sources
The heat-capacity data on osmium are inadequate to obtain best values between 0 and 300 K. The available data are only the values of OD(O), y, and 80 (20) based on measurements between 1.2 and 20 K [l 06] , t he mean heat capacity between the normal boiling points of nitrogen and hydrogen [23] , and the high-tc·mp(>rature relative-enthalpy measurements betwepn 0 and 1604 °C of Jaeger and Rosenbohm [43] . No analysis of the data on osmium is, therefore, presented in this monograph. The following is a brief description of the available data .
. Hulm and Goodman (36) found osmium to become superconducting at 0.71 K. Dewar [23] determined the mean heat capacity of osmium between the normal boiling temperatures of nitrogen and hydrogen employing a hydrogen vaporization calorimeter.
Wolcott [106] reported measurements between 1.2 and 20 K on a sample greater than 99.98 percent pure.
A phosphor-bronze thermometer was us·ed in the liquid helium range and a constantan thermometer at higher temperatures. The thermometers were calibrated in terms of 1948- 4 He scale [80, 94] , hydrogen vapor pressure, and a helium gas thermometer. Wolcott fitted the data below 4 K to the equation of the form C=yT+AT3, and obtained '}'= 2.35 mJ/K2. mol and 8D (0) = 500 K; he reported also 8n(20) = 410 K. Jaeger and Rosenbohm [43] reported relative enthalpy measurements between 0 and 1604 DC on the "purest osmium from Heraeus".
Iridium (Ir, Atomic Weight = 192.2)
The selected values are based on heat-capacity measurements reported by Wolcott [106] and by Clusius and Losa [15, 16] . Since [29, 76] . Figure 6 shows the deviations of their data from the selected values and the· estimated limit of uncertainty of the selected values. Values selected for ' Y and 8D (0) are, respectively, 3.20±0.10 mJ/K2. mol and 420± 10 K.
The following measurements were not considered in [23] (mean values between the normal boiling points of nitrogen and hydrogen).
A phosphor-bronze thermometer was used ill t he liquid helium range and a constantan thermometer at higher temperatures. The thermometers were ('alihr:1t.·(! in terms of 1948- 4 He scale (80, 94] , hydro{!('n vapor pressure, and a helium gas thermometer. Wolcott fitted the data below 4 K to the equation of the form C = yT+AT:J, ~nd obtained y = 3.14 mJ/K2 . mol and OD(O) = 420 K.
Wolcott reported also 8D (20) = 350 K. The data are about 10 to 12 percent higher than the selected values.
Clusius and Losa [IS, 16] reported measurements between II and 276 K on a sample (Heraeus) of 99.9 percent purity with traces of Fe, Ag, and Cu. A Pbresistance thermometer was employed, calibrated in terms of hydrogen and oxygen vapor pressures and the ice-point resistance [79, 20) . The values reported for Jaeger and Rosenbohm [44, 45, 37] reported relative enthalpy measurements between 0 and 1535 °C on the "purest iridium from Heraeus" in the form of peasize globulets. A c.opper block receiving calorimeter was employed with thermocouples for measuring the temperature changes [39] . The [41, 40, 47, 48, 46] ; and of Kendall, Orr, and Hultgren [51] were given the most weight in obtaining the selected values of heat capacity in the region of 300 K. Figures 8 and 9 show the deviations of the literature data from the selected values. The estimated limit of uncertainty of the selected values is ± 0.4 percent at 50 K, which decreases with increase in temperature to ± 0. 
Cooling of
References sample [44,45J [l05] cond [l06] gas [15, 16] .... Some of the measurements were not considered in the analysis because of the uncertainty in the purity of :5ample, the relatively pOOl-quality of the data, or th~ data being mean values over large temperature intervals. The relative-enthalpy measurements that have not been considered are also listed in this group. The data that have not been considered in the analysis are: Dulong and Petit [26] (mean values between o °C and 100 and 300°C), Pouillet [72] (relative enthalpy Letween 0 °C amI lemperalure up to 1600 <"Ie), BystrUm [10] (mean values by the method of mixtures between o and 300°C), Weinhold [lOO] (relative enthalpy betwp.p.n tp.mpp.TatuTp.~ of 10 to 2;:) °C and temperatun~~ up to 952°C), Violle [96] (relative enthalpy between o °C and temperatu-res up to II77 °C), Pionchon
[70] (relative enthalpy between 0 °C and temperatures up to 1048 °C), Behn [3] (mean values by the method of mixtures between 18°C and 100, -79, and -186°C), Tilden [89. 90] (mean values by the IJIt:LlIUJ uf lIlixlule~ LeLweeJl 0 lu 15 °e at lemptaatures from -182 to II77 °C), Gaede [30] (direct electrical measurements between 18 and 92°C), Wigand [104] (mean values by the method of mixtures using Bunsen ice calorimeter bet ween 0 °C and temperatures up to 162°C), Schlett [81] (mean values by the method of mixtures using Bunsen ice calorimeter between 0 °C and temperatures up to JOO °C), Richards and Jackson [77] (mean values by the method of mixtures· between 20°C and -188 and 100 °e), Dewal- [23] (mean values between the nOTma] boiling points of nitrogen and hydrogen), Fabaro [28] (continuous heating method between 890 and 1543 °C), Roth and Chall [781 (mean values by the method of mixtures between 13 and 50°C), Esser, Averdieck, and Grass [27] (relative enthalpy using copper block calorimeter between 0 °C and temperatures up to 1100 "C), and Kraftmakher and Lanina [53] (modulation of ac heating between 1000 and 2000K).
The following are data that were analyzed: Simon and Zeidler [83] reported measurements from 18 to 208 K on a platinum wire sample. The calorimeter was one of the early vacuum-adiabatic design described by Lange [55] . The temperatures were determined using a Pb-resistance thermometer [79] . The data deviate from + 2 to -7 percent from the selected value~. Very little weight wa:5 given to their data.
Simon and Zeidler [83] smoothed their data with the literature values [I7] up to 300 K. Figures 8 and 9 sho;' the deviation of their smoothed values from the selected values.
Barnes and Maass [2] reported enthalpy measurements relative to 298.15 K (25°C) down to 195 K (-78 "C) on a pure platinum sample vessel to be used in other 1lI(~astJf(~meJlts. The method of 'mixtures was used with u gas-fined adiabatic water-bath calorimeter operated at about 298 K. Copper-constantan thermopile was used in controlling the adiabatic shield temperature relative to that of the calorimeter. A Beckman thermometer installed in the adiabatic shield was used to determine the change in the calorimeter temperature indirectly. The data deviate from 2 to -5 percent from the selected values. Very little weight was given to the data.
Kok and Keesom [52] reported measurements from 1.1 to 20.3 K on rolled sheets of platinum of 99.95 percent purity, the ratio of 4.2 K to ice point (0 °C) resistance of a wire drawn from the material being 0.01385. The sample was sealed in a copper vessel with helium exchange gas. An isothermal-jacket vacuum calorimeter was used. Phosphor-bronze and constantan wire thermometers were employed in the ranges 1 to 6 K and 6 to 20 K, respectively. The resistance thermometers were calibrated against the vapor pressures of helium and hydrogen and a gas thermometer. The data deviate. as much as 13 percent (mostly above . ±2 percent) from the selected values; they are not plotted. Very little weight was given to the data.
Persoz [65. 66. 63] reported measurements at 11 temperatures between 308 and 1254 K using a unique vacuum-adiabatic calorimeter. The sample was suspended within the sample "vessel" (copper shell) to achieve a relatively high degree of thermal isolation. The adiabatic shield was controlled relative to the sample vessel temperature. The sample when heated transferred heat to its vessel mainly by radiation. The temperatures of the sample and its vessel were observed as a function of time in the usual manner and the changes in temperature of the two parts were related to the respective heat capacities and to the electrical energy increment introduced to the sample. Persoz [65, 66, 63] gave no information on the purity of the platinum sample he used. The data around 300 K are about 2 percent lower than the selected values. Very little weight was given to the data.
Kurrelmeyer, Mais, and Green [54] reported me3'surements between -78 and 100°C obtained by pulse heating in which a' capacitor was discharged through a wire sample in a bridge circuit. The heat capacity was calculated from the circuit resistances, the initial charge on the capacitor, and the change in resistance IlR of the platinum wire sample and its R (T) calibration. The data are about 1 to 2 percent higher than the selected value. Very little weight was given to the data.
Rayne [74] reported measurements from 0.2 to 1 K on two specimens of platinum, one of two percent impurity content and the other 99.99 percent pure. Recently, Shoemake and Rayne [82] reported measurements between 1.4 and 100 K on a sample of 99.999 percent purity. A "calibrated" germanium thermometer was employed. No reference is given to the temperature scale used. A mechanical heat switch was used in cooling the sample. The authors fitted the observed data below 4.2 K to an equation of the form
The values y=6.56±O.03 mJ/K2. mol, O=234.4±2.5 K, and B= 1.8±2 X 10-4 mJ/K6. mol are the only numerical data reported. The values of heat capacity based on these data are within about 1 percent of the selected values.
Strittmater and Danielson [86, 87] reported measurements between 338 and 727 K (65 and 454°C) on a platinum wire sample of "thermometric" purity. A pulse heating method' was used in which the sample in the form of 0.005 in. diameter wire was heated directly by an electric pulse of 0.055-s duration from ambient to 727 K. The heat capacity was calculated from the high-speed observations of the current and voltage drop across a known section of the platinum wire. The same current and voltage observations served in the determination of the wire temperature as a function of time. The data in the region above 300 K are 2 to 3 percent lower than the expected values. Very little weight was given to the data in selecting the best values in the region of 300 K.
Butler and Inn [9] reported measurements between 337 and 1164 K. The specific heat was determined from the time-temperature observations of a specimen electrolytically coated with platinum black thermally radiating to a blackened isothermal enclosure. A chromel-alumel thermocouple was employed in the determination of the temperatures. The data in the region above 300 K are about 11 percent lower than the expected values. No weight was given to the data.
Clusius, Losa, and Franzosini [17] reported measurements between 11 and 274 K on' a platinum sample of 99.94 percent purity, with 0.01 and 0.03 percent of Pd and Rh, respectively, as impurities. A trace amount of Fe and bet.ween trace and limit of deteetibility of Ag, ell, Ca, and Mg were present. The measurements were made in an isothermal jacket vacuum calorimeter. The data are about 2 percent l~wer than the selected values.
Dixon, Hoare, Holden, and Moody [25] reported measurements on a sample of platinum of 99.99 purity containing as impurities: Pd, 0.007 percent, Rh and Fe, 0.001 percent, and Ag and Cu 0.00l percent. The material was chill cast into a graphite mold and swaged to approximate size in several stages with intervening anneals at 850°C and cold water quenches. The sample was boiled in dilute hydrochloric acid and finally annealed in vacuum., The measurements were made Dixon, Hoare, and Holden [24] reported measurements from 1.2 to 4.2 K on the platinum speeimen .used earlier by Budworth, Hoare, and Preston [7] . The material was chill cast from the mell. T(~mperatures were determined by means of a carbon-re8i~t ance thermometer calibrated in terms of the 1958-'IH(> v.aporpressure scale [6] . A mechanical heat switch W~H" used in cooling the sample. The data were fitlt~d hy means of the least squares method to two equations of the form: C=yT+AT3 and C=yT+AT:l+BT", obtaining, respectively, the electronic coefficients of the heat capacity 6.507 ± 0.007 and 6.5] 7 ± 0.012 mJ/K2
. mol, the values of 8D (0) 234.9 ±0.8 and 235.5 ± 1.6 K, and B = 0.17 ± 0.20 X 10-2 mJ/K'" mol. The values of y and 8D(0) from the equation C = yT+ AT3 are identical to those reported earlier in the paper by Dixon, Hoare, Holden, and Moody [25] ; probably the same data were reported.
Tsiovkin and Vol'kenshteyn [91] reported measurements between 1.6 and 8 K on a sample of 99.99 percent purity. A carbon resistance· thermometer was used. The temperature scale is· not given. The electronic coefficient of heat capacity, y= 7 mJ/K2. mol, only is reported. The value is somewhat higher than the selected value.
Andres and Jensen [1] list y= 6.54 mJ/K2. mol and 6D (0) = 213 K as private communication from J. P. Maita. The data are almost as much as 8 percent higher than the selected values.
Berg [4] reported measurements between 2.6 and 20 K on zone-refined rods of 0.25 in. diameter and 1 in. length. The results of spectrochemical analysis showed the sample to be about 99.99 percent pure. The rods were vacuum annealed at 1000 °C for 24 hours prior to the measurements. A carbon resistance thermometer was used, calibrated in terms of the 1958.4He vapor-pressure scale [6] , helium gas thermometer, and NBS-1955 scale [34, 62] . Berg fitted by the method of least squares the data between 2. The observed values of heat capacity between 7 and 20 K are within ± 0.2 percent of the selected values.
The fonowing data above 300 K served to help select the best values in the region of 300 K: White [103] reported relative enthalpy measurements between 20 and 1300 °e. The values around 300 K are 0.5 to O. 7 pp.r~p.nt lower than hi;: e::lrlier preliminary measurements [101, 102] . The heat capacity at 300 K derived from the relative enthalpy data is 2 percent higher than the selected value.
Wilst foil sample that was used to fill it, and the hollow sphere filled with (3) the foil and with (4) a wire sample. The three sets of results obtained from the data are in good agreement (0.2 or 0.3 percent) with the earlier work of Jaeger and colleagues [40, 41, 46, 47, 48, 37] and of White [101, 102, 103] . The data are within 0.3 percent of the selected values in the region of 300 K. Kendall, Orr, and Hultgren [51] reported four different series of relative enthalpy measurements between 298 and 1435 K, the platinum samples investigated being in the form of (1) a solid sphere, (2) a hollow sphere (sample vessel) of the same size made from the Vollmer and Kohlhaas [99] reported measurements between 300 and 1900 K on a sample of 99.9948 percent purity employing a' continuous heating method. At 300 K the reported value is almost 7 percent lower than the selected value. No weight was given to the data. H~ and S~ apply to the referen~e state of the solid at zero K and 1 atmosphere pressure. 
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